Background Thalassemia major patients who undergo routine transfusion have an increased risk of acquiring transfusiontransmitted infections (TTI), including hepatitis B and C. These diseases have serious implications and may affect the serum ferritin and aminotransferase levels of thalassemia major patients. Objectives To identify the prevalence of hepatitis B and/or C infections among thalassemia major patients and to evaluate its correlation with serum ferritin and aminotransferase levels. Methods This was across-sectional study conducted at the Thalassemia Center of Dr. Cipto Mangunkusumo Hospital in Jakarta, Indonesia. The subjects were screened for hepatitis B and C infections, and their serum ferritin and aminotransferase levels were also measured. Results In total, 621 subjects were included in the study, among which 5 subjects tested positive for hepatitis B surface antigen (HBsAg) (0.8%), 111 subjects tested positive for anti-HCV (17.8%), and 5 subjects tested positive for both HBsAg and anti-HCV (0.8%). The subjects who tested positive for hepatitis B, hepatitis C, or both showed significantly higher values of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and serum ferritin compared to their negative counterparts. Moreover, serum ferritin showed a positive, moderate correlation with both AST and ALT. Conclusion This study shows a significant association between hepatitis and serum ferritin as well as aminotransferase levels. Early detection and early management of hepatitis B and C infections is warranted to minimize the occurrence of liver damage in thalassemia major patients.
T halassemia is a genetic, blood disorder that requires multiple blood transfusions. Many patients show prolonged survival rates following routine transfusion, but blood transfusions cause iron accumulation in various tissues. One of the organs most prone to iron overload is the liver. Moreover, thalassemia patients are at risk of transfusion-transmitted infections (TTI), including hepatitis B and C. In addition to hepatic iron overload, hepatitis infection further damages liver cells. 1 The prevalence of hepatitis B virus (HBV) and hepatitis C virus (HCV) infection vary among countries. Chronic HBV and HCV infection was estimated to be 240 million and 130-170 million people, respectively, worldwide. 2 The World Health Organization (WHO) also noted that HBV is highly endemic to countries in Southeast Asia, including Indonesia. 3 Although the mortality rate due to liver disease in thalassemia patients is low (2.7-4.1%), it should not be considered trivial. Liver cirrhosis in thalassemia has been linked to HCV and iron overload. 4, 5 Among thalassemia patients worldwide, 0.3-5.7% are hepatitis B surface antigen (HBsAg) positive and 4.4-85.4% are anti-HCV positive. 6 Indonesia is a developing country, with a majority of the population belonging to the low and middle socioeconomic demographic. Hence, the treatment of hepatitis using antivirals (ribavirin or interferon) is generally considered expensive and to a certain extent, unaffordable. Therefore, blood screening was proposed to prevent TTI. The Indonesian Ministry of Health has issued policies regarding blood services and stated that blood should only be collected from voluntary, nonremunerated blood donors, and not for commercial purposes. All blood donors are screened for TTI, including HBV, HCV, human immunodeficiency virus (HIV), and syphilis. Approximately 2.9% of blood products are disposed of due to positive TTI screening results every year. 7 This study was aimed to describe the prevalence of HBV and HCV infection in thalassemia major patients by antibody detection, as well as to assess for correlations between hepatitis infection and liver transaminase enzyme as well as serum ferritin levels.
Methods
This descriptive, cross-sectional study initially evaluated 1,088 thalassemia major patients who received routine blood transfusions once every 2 -4 weeks at the Thalassemia Center, Dr. Cipto Mangunkusumo Hospital, Jakarta, Indonesia in 2015. Among these patients, 621 subjects were screened for hepatitis markers and subsequently enrolled in this study. The information collected included subjects' identity, sex, type of thalassemia, age at diagnosis, and age at first transfusion. Nucleic acid testing (NAT) has only been routinely available in four big cities in Indonesia (Jakarta, Bandung, Surabaya, and Denpasar) since 2015, so the data was collected from children who received routine transfusions prior to NAT testing.
Subjects were tested for HBsAg and anti-HCV antibodies, by electrochemiluminescence immunoassays (ECLIA), using the Cobas e601 analyzer (Roche Diagnostics). Serum HBV DNA and HCV RNA tests were not conducted in this study.
Serum ferritin level was also analyzed by ECLIA. Alanine and aspartate aminotransferase levels were measured by immunoassay. The ALT and AST levels were considered to be increased if higher than 40 U/L. 8 The data was analyzed using SPSS, SPSS Inc., Chicago, IL and GraphPad Prism 6 software. A P value of <0.05 was considered to indicate a significant relationship between variables. Spearman's test was used to evaluate the correlation between two numeric parameters, while the Mann-Whitney and Kruskal-Wallis tests were used to compare two or more categorical groups.
Results
Among the 621 subjects, positive hepatitis markers were found in 121 (19.4%) patients. Positive blood specimens for HBsAg were detected in 5 (0.8%) subjects, anti-HCV in 111 (17.8%) subjects, and for both HBsAg and anti-HCV in 5 (0.8%) subjects.
A total of 121 subjects were studied, comprising of 65 male and 56 female subjects. The age range of subjects was 5-42 years. There were 61 subjects with b-thalassemia and 60 with b-thalassemia/HbE. The medians and ranges of AST, ALT, and serum ferritin levels were 61 (9-194) U/L, 55 (6-218) U/L, and 6,117 (1,395-16,636) U/L, respectively. Increased ALT was found in 81 (66.9%) subjects. Table 1 shows the characteristics of subjects among the patients positive for HbsAg, anti-HCV, and both. The AST, ALT, and serum ferritin levels were found significantly higher in the hepatitispositive compared to hepatitis-negative subjects (P=0.02, 0.029, and < 0.01, respectively) ( Table 2) . Figures 1 and 2 show a moderate correlation between aminotransferase and serum ferritin levels among the various groups of subjects positive for hepatitis.
Discussion
We found a higher prevalence of HCV than HBV in thalassemia patients, but past studies have reported varying prevalences of HCV compared to that of HBV in thalassemia patients.9-12 Different assays may yield contrasting results. Purnamawati et al. found that the prevalence of hepatitis C among subjects with thalassemia was 6.7% (6/90). They used the Entebe dipstick anti-HCV test. Among the six subjects with hepatitis C, five had increased ALT levels (>40 U/L), and four had increased transferrin saturation. 9 A previous study in thalasemmia patients identified positive anti-HCV in 49.5% of subjects and positive HbsAg in 3.2% of subjects, using a commercial ELISA kit (version-1, China). 10 Also, Wanachiwanawin et al. found that among thalassemia patients, 2% had positive HBsAg results and 20.2% had positive anti-HCV results. The HBsAg was evaluated using passive hemagglutination assay kits (MyCell, Tokyo, Japan), and anti-HCV by second generation enzyme immunoassay (EIA II, Tokyo, Japan). 11 In addition, Vidja et al. found that 2% of thalassemia patients had positive HBsAg results, and 2% had positive anti-HCV results, both of which were detected with the ELISA method. 12 Further assay development is needed to distinguish a reactive result from a weak antigen/antibody concentration.
Electro-chemiluminescence immunoassay was shown to have weak sensitivity and specificity for cutoff indexes (COI) between 1.0 and 4.0, which would, therefore, require confirmatory testing. However, for COIs between 4.0 and 10.0, the confirmatory testing showed the same positive results. 13 Besides the assay kit, the implementation of screening on donated blood is another factor that may account for differences in HBV and HCV infection rates. In the US, hepatitis Pustika A. Wahidayat et al: Prevalence of hepatitis and its correlation with serum ferritin and aminotransferase levels among thalassemia major patients C screening has been done since 1992, while in Iran since 1996. It should also be noted that NAT screening began in Indonesia in 2014, but a majority of our patients had received transfusions long before this period. The provision of free NAT testing for patients has only recently been conducted (since 2015). Hepatitis infection tends to induce iron accumulation in the liver. Therefore, we would expect increased iron profile levels such as serum ferritin, serum iron, and transferrin saturation. 14, 15 The hypothesis for this mechanism is that the virus inside liver cells accumulates the iron for its replication, and the immune status of the host response to viral infection may be modified. 16 Our low numbers of hepatitis B-positive patients may not represent a true low, as our facility can only currently conduct serologic examinations, and it is costly to evaluate viral load and genotype. As such, HBV DNA testing could not be conducted on a routine basis. This limitation also highlights the importance of predicting the true burden of HBV infection. Several studies found the presence of occult hepatitis B (OHB) infections in thalassemia patients. Studies in Egypt and India, for instance, found 32.5-32.8% occult HBV infections in children with thalassemia. 17, 18 Moreover, Shaker et al. found OHB in all HCV-infected subjects. 17 Occult hepatitis B is defined as the detection of HBV DNA in patients with serial negative results for HbsAg, with or without hepatitis B antibodies. The diagnosis of OHB requires an assay with high sensitivity and specificity that can detect a low limit of < 10 IU/mL of HBV DNA. 19 The increase in aminotransferase enzymes may reflect the occurrence of hepatocellular injury. For instance, ALT maintains its highest concentration in the liver, while AST may be found in other organs besides the liver, such as the heart, the kidney, as well as skeletal muscles. Therefore, ALT is more specific as a marker for hepatocellular injury compared to AST. We found a significant correlation between aminotransferase and serum ferritin in patients with hepatitis. An increase in ALT levels could be due to iron overload, alcohol use, or hepatitis virus infection. History of alcohol consumption was not evaluated in these subjects. However, we assumed that a large percentage of subjects were not alcohol abusers since it is restricted by law in Indonesia. Ideally, hepatitis B vaccinations should be provided for all thalassemia patients, to prevent hepatitis B virus infection, which can further contribute to liver failure. As shown in Table 2 , the median levels of aminotransferase and serum ferritin in hepatitis-positive subjects were higher than those of negative subjects. Wanachiwanawin et al. reported that subjects with positive anti-HCV results generally had higher levels of ALT and AST compared to those with negative anti-HCV results. 11 Other factors such as use of iron chelation and frequency of transfusion may also affect the serum ferritin and aminotransferase level.
However, the presence of HCV does not alter the effects of iron overload on liver function. Triantos et al. found that the survival of thalassemia patients was not associated with the presence of hepatocellular carcinoma and other liver diseases. Instead, an association was found between the former and cardiac failure, as well as non-adherence to chelation treatment. 20 Liver MRI is recommended for those patients to more specifically evaluate iron overload. Azarkeivan et al. found a moderate correlation between serum ferritin level and relaxation time of liver MRI T2 (r=-0.535). 21 Hepatitis B antibody testing was not conducted, nor was hepatitis B vaccination status known in our subjects.
With regards to iron chelation therapy, a study in Indonesia found that a higher dose of deferiprone is required to treat thalassemia major patients with consequent hepatitis B and/or C infections as opposed to hepatitis-negative patients. 22 This, in turn, also highlights the importance of hepatitis detection in thalassemia patients.
In summary, this study demonstrates the current prevalence and clinical significance of HBV and HCV infection among thalassemia patients in Indonesia. The subjects who tested positive for HBV and HCV tended to have higher serum ferritin, AST, and ALT levels than those without infection. Therefore, early and aggressive management should be considered to prevent further liver damage in thalassemia patients with concomitant hepatitis. In the future, now that NAT screening in Indonesia has been routinely practiced since 2015, we hope that the incidence of hepatitis B and C, as well as other infections such as HIV, in thalassemia patients can be drastically decreased.
